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GROSS EFFICIENCY OF GROWTH OF THE RAT
AS A SIMPLE MATHEMATICAL FUNCTION OF TIME*
JEAN MAYERt
It has been demonstrated in a previous study' that in the rat, the
grossefficiency offood conversion to bodyweight as defined by
energy output (new tissues)'
energy input (ingested aliments)
and expressed, for example,
ingramspergram, isaveryaccurate index and thatitsdeviation fromthe
normal, t"control" value isthemostsensitive testof adeficiency. Analysis
of the data pertaining to the control animals in the experiments then
reported has since revealed that they can be fitted, with excellent pre-
cision, to a simple mathematical function oftime, which affords an inter-
esting interpretation. Furthermore, these data permit a significant com-
parison with similar results obtained by other workers on different
animal species.
Method
The method followed has been described in the study referred to above;
essential features are nevertheless repeated for the sake of convenience.
Albino weanling rats of the "Yale" strain were separated as to sex and placed
on the synthetic diet previously described,6 with the inclusion of 1200 I.U. of
vitamin A administered every 8 days. The diet had a caloric content of 4 calories
per gram. The rats were placed in individual screen-bottomed cages at constant
temperature (75°F.) and hygrometry (60%). They were in darkness approxi-
mately 12 hours every day. The experiment covered a period of 30 days. Food
intake was determined every day, and the animals were weighed every 4 days.
Results and discussion
The following results were obtained:
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Table 1
M A L E S
VARIATION OF EFFICIENCY OF FOOD CONVERSION TO BODY WEIGHT WITH TME
m ~~ ~ ~~~Et a Eo -Et
(days) (gm/gm.) a log t
0- 4 .81 0.04
4 - 8 .59 ± 0.01 .366
8 - 12 .51 ± 0.05 .333
12 - 16 .43 ± 0.04 .352
16 - 20 .40 ± 0.03 .342
20 - 24 .36 ± 0.01 .346
24 - 28 .33 ± 0.04 .341
28 -30 .31 + 0.01 .340
Table 2
F E M A L E S
VARIATION OF EFFICENCY OF FOOD CONVERSION TO BODY WEIGHT WITH TIME
t Et Eo Et
(days) (gm./gm.) a log t
0- 4 .78 ± 0.02
4 - 8 .52 ± 0.03 .433
8-12 .44 0.05 .380
12 - 16 .39 ± 0.04 .365
16 - 20 .33 ± 0.02 .375
20 - 24 .26 ± 0.02 .400
24 - 28 .25 ± 0.01 .378
28 - 30 .21 ± 0.01 .393
t=time measured starting from the beginning of the experiment (weaning time).
Figures following the + signs represent standard deviations.
E0=initial efficiency.
Et=efficiency.
a=characteristic decrement.
To interpret the results given in Table 1 the hypothesis was formu-
lated thatthe rateofdecreaseof theefficiency wasinversely proportional
to the time elapsed since the initial time, t. If Et is the efficiency of con-
version of food to bodyweightofthe controls attime, t, then one would
have:
- dE, - a
dt t (1)
orTIME AND THE GROWTH EFFICIENCY OF RATS
dEt - adt (2)
t
Integrating from the initial time,to, to time, t:
t? t
dEt = -a dt (3)
b/to /to t
or
E, - Et-= a . In (t - to) (4a)
Because of the way in which the experiment is set up (efficiency of food
utilization measured for an interval of at least one day) one has the ad-
ditional condition:
t - to>1 (4b)
Ifthetimeismeasuredfromthe startoftheexperiment (weaningtime):
to0 =
Ifonelets A = a In 10, Equation 4abecomes:
Eo - Et-A log t (5a)
If our hypothesis is correct A must be a constant independent of time.
Itwill be seen in Table 1 that A is in fact a constant. Its value for male
rats of the Yale strain fed ad libitum diet A1 at 75OF. and 60% hy-
grometrywas found to be:
A = 0.346 ± 0.0004 (5b)
where ± 0.0004 is the standard error. The biological interpretation of
the coefficient, A, is that it represents the decrease in efficiency of con-
versionoffood to body weightduring the first 10 days after weaning.
The gross efficiency of growth of the male rat can therefore be ex-
pressed, in the system of units and under the circumstances chosen, by:
Et = 0.81 - 0.346 log t (5c)
The same calculations can be applied to the results obtained for the
female animals. They leadto theequations:
Eo-Et 0.388 log t (6a)
or
Et= 0.78 - 0.388 log t (6b)
Finally, if we consider the values of the efficiency at weaning, it has
been found thatthey were 0.81 and 0.78 for the males and the females,
respectively (Tables 1 and 2). The average value usually accepted in
the literature (Brody' 2) for the energy content of young, growing
mammalian tissue is 1720 calories per kilogram. The caloric content of
diet Al is 4 calories per gram. This would give as the initial energy
efficiency ofpostnatal growth for the Yale rat the value:
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0.81 x 1.72
4
This is precisely the value obtained by Rubner8 from estimates of heat
of combustion of tissues and energy of maintenance. It is equally in
perfect agreement with Heuser's 3 determination of the postnatal energy
efficiency of growth of fast-growing S.C. white Leghorn chickens, and
withthevalues for cattle as found by Ragsdale7 and Brody.2 Lusk's5 value
for pigs is lower.
INITIAL ENERGY EFFICIENCY OF FOOD UTILIZATION (EXPRESSED IN CALORIE OF TISSUE
PER CALORIE OF FOOD CONSUMED)
Theoretical
(Rubner, 1908) 35%o
Chickens
(Heuser, 1945) 35%
Jersey cattle
(Ragsdale, 1934) 37%
Holstein cattle
(Brody, 1945) 35%
Yale rats
(this study, 1947) 35%
Pigs
(Lusk, 1928) 26%
The excellent agreement of the data reported here for rats, with the
data obtained on various other animal species seems to afford further
confirmation of Kleiber's4 law, which says that "the ratio of food con-
sumption to basal metabolism and maintenance is independent of body
weight, and therefore, the excess feed that may go for productive
processes is independent of body weight."
Summary
The gross efficiency of conversion of food to body weight in the
rat fits excellently a simple logarithmic function. The value obtained for
this efficiency at weaning affords an additional confirmation of Kleiber's
law.
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